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© Process for forming a planarized, metal-strapped polysillcon gate FET\ 



@ A process for forming a planarized, low sheet 
resistance FET, A gate stack is defined on an ex- 
posed surface of a semiconductor substrate, the 
gate stack including a gate mask disposed on a 
patterned polysilicon layer. First and second diffu- 
sion having first and second sMIcide electrodes are 
then formed on the substrate, to provide low sheet 
resistance source and drain electrodes. An insuiating 

Slayer is then formed on the substrate, and is 
planarized to expose an upper surface of tha gate 
^mask. The gate mask is then removed in wet HgPO* 
€0to define an aperture in the insuiating layer that 
©exposes the polysilicon layer, and a conductive ma- 
C^teriai is selectively grown on the substrate to provide 
Oa rnetai-strapped polysiiicon gate electrode that is 
relatively co-planar with the planarized insulating iay- 
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Process For Forming A Pianarized, Metal* strapped Polysiiicon Gate FET 



The present invention relates to reducing the 
sheet resistance of the source, gate and drain 
electrodes of an FET device. 

In the manufacture of highly dense semicon- 
ductor memory devices, a greater number of stor- 
age cells are coupled together along a single con* 
ductive line. This conductive line (i.e., vvord line) 
typically forms the control electrode of at least one 
of the devices that comprise a given memory ceil. 
For example, in the so called one*device dynamic 
random access memory celJ comprising a transis* 
tor coupled to a storage capacitor, the word line 
provides the gate electrode of the transistor. 

It is known in the art to reduce the sheet 
resistance of word fines by utilizing low resistance 
conductors such as aluminum. Back in the early to 
mid 1970's these materials were widely accepted 
throughout the industry. However, the development 
of the self-aligned FET (in which the source and 
drain impurity regions are implanted into regions of 
the substrate partially defined by the gate elec- 
trode) necessitated the adoption of heat-resistant 
conductors such as polysiiicon. 

Another method of reducing sheet resistance is 
to use refractory metal silicides that are formed on 
top of {i,e, T "strap") a polysiiicon gate. Typically* as 
shown in U,S, Patent 4,593,454 {issued June 10. 
1986 to Baudrant et ai), a siiicide layer is formed 
simultaneously over the gate electrode and the 
source/drain diffusion regions of an FET device. 
More specifically, after a polysiiicon gate electrode 
has been defined on a substrate, ions are im- 
planted to define the source/drain diffusion regions. 
Then an oxide layer is deposited and etched so 
that the sidewaiis of the polysiiicon gate electrode 
are covered with oxide. Then a refractory metal 
layer (the patent utilizes tantalum) Is deposited on 
tie substrate, and a heat cycle is carried out to 
form tantalum siiicide in those portions of the tan- 
talum disposed on exposed silicon. Note that the 
oxide disposed on the sidewaiis of tie polysiiicon 
gate eiectrode prevent the siiicide formed on the 
upper surface of the gate electrode from being 
connected to the siiicide formed on the 
source/drain regions. 

The general simultaneous gate and 
source/drain siiicide formation process as exempli- 
fied by the Baudrant et al patent suffers from 
several shortcomings. A recent trend in the semi- 
conductor industry is to decrease the depth of the 
source/drain diffusion regions to less than 0.5 
microns. These so-called "shallow junctions** are 
more resistant to punchth rough defects as the 
channel length of FETs is decreased below the 
one micron barrier If a refractory metal ts depos- 



ited over the shallow junctions to form a siHctde 
thereon, the amount of junction silicon consumed 
during the siiicide reaction may substantially de- 
grade the characteristics of these shallow junction 

s regions. In the prior art, this problem has been 
addressed by incorporating extra silicon at the 
shallow junction surface prior to refractory metal 
deposition. For example, as shown in an article by 
Reith et al, entitled "Controlled Ohmic Contact and 

to Pianarizatton For Very Shallow Junction Struc- 
tures." IBM Technical Disclosure Bulletin, VoL 20, 
No, 9, Feb, 1 979, pp- 3480-3482. after implantation 
epitaxial silicon is grown so as to maintain the 
integrity of the shallow junctions after siiicide for* 

is mation. This process presents a tradeoff. By de- 
creasing the silicon consumption of the 
source/drain regions by selective epi growth, the 
high temperature Inherent in this process will drive 
the source/drain dopants further into the substrate, 

so thus degrading the desired shallow junction char- 
acteristics. 

In U.S. Patent 4,587,718 (issued May 13, 1986 
to Haken et ai) the gate eiectrode siiicide is formed 
prior to the source/drain silicides. A nitride mask is 

55 used to define a polysiiicon gate eiectrode atop an 
oxide layer that completely covers the device area. 
The source/drain diffusion regions are then formed 
by implantation through this oxide layer, using the 
nitride/poly stack as an implantation mask. The 

$0 nitride mask is then removed, and a layer of refrac- 
tory metal is deposited on the substrate. The re- 
fractory metal layer (in this case titanium) wit! react 
with the exposed polysiiicon gate without forming a 
siiicide over the source/drain regions, because 

as these regions are covered with the silicon oxide 
layer. After the gate eiectrode siiicide formation 
process is completed, the oxide layer above the 
source/drain diffusion regions Is removed, and a 
second layer of titanium is deposited on the sub- 

40 strate. During the course of the subsequent 
source/drain siiicide reaction, the earlier-formed 
titanium siiicide gate electrode will increase in 
thickness. Thus, a thick titanium siiicide layer is 
formed on the gate electrode, and a thin titanium 

45 siiicide layer is formed over the source/drain re- 
gions. 

See also U.S. Patent 4,453,306 (issued June 
12, 1984 to Lynch et al). After the gate eiectrode 
siiicide is formed, the upper surface of the elec- 
so trode is covered with oxide. Subsequently, poly- 
siiicon is deposited on the device, and is patterned 
so that it overlays only the source/drain regions. 
Cobalt is then deposited on the device and is 
sintered to form cobalt siiicide electrodes on the 
source/drain regions. The oxide atop the siiicide 
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gate electrode prevents further silicide formation 
thereon. 

The present inventors have investigated var- 
ious methods of reducing the sheet resistance of 
the gate electrode below that obtained by refrac- 
tory metal sillcides* Tungsten siiicide provides a 
resistivity of approximately 50 micro ohms-cm. On 
the other hand, a tungsten layer has a resistivity of 
approximately 10 micro ohms-cm* and an alumi- 
num layer has a resistivity on the order of 3 micro 
ohms-cm. Thus, the inventors considered modify- 
ing an approach similar to the Lynch et a! patent 
by replacing the siiicide gate formation step with 
depositing either tungsten or aluminum. However, 
this modification would not achieve the intended 
result. If tungsten were to be deposited on top of a 
layer of polysilicon, the layers would react to form 
a siiicide during the subsequent implant drive-in 
and source/drain siiicide formation steps. This 
would greatly Increase the sheet resistance of the 
gate electrode by forming tungsten siiicide {as op- 
posed to pure tungsten). Similarly, the 
physical/eiectricai qualities of an aluminum layer 
(or an aluminum alloy such as aluminum/silicon) 
would substantially degrade when exposed to these 
high processing temperatures. 

Another potential problem is presented by for- 
ming a refractory metal siiicide on the gate elec- 
trode. Some CMOS circuits utilize so-called "dual 
work function n gate electrodes. In this technology, 
the polysilicon gates for the n-channei and p-chan- 
nel devices are doped with P-type and N-type 
dopants, respectively, in order to achieve an en- 
hanced p-channef device characteristic. If these 
differentially-doped polysilicon gate eiectrodes are 
covered with a refractory motel layer for subse- 
quent siiicide formation, the polysilicon dopants 
may intermix (due to the high dopant diffusively in 
refractory metal silicides) to destroy the above 
dual-work function advantages. 

Accordingly, a need has developed in the art to 
provide a FET device having a low sheet resistance 
metal-strapped polysilicon gate electrode as well 
as siiicide source/drain electrodes. 

The invention as claimed solves the problem of 
providing the lowest possible sheet resistance 
metal-strapped polysilicon gate electrode for an 
FET device having a planar upper surface without 
causing intermixing of dual work function dopants 
and of providing the shallowest possible 
source/drain regions for the FET device while also 
providing low sheet resistance siiicide electrodes 
for the source/drain regions. 

The advantages of the present invention are 
realized by a process for forming a tow sheet 
resistance metal- strapped polysilicon gate FET, A 
gate stack is defined on an exposed surface of a 
semiconductor substrate. The gate stack includes a 



gate mask disposed on a patterned polysilicon 
layer. Using the gate stack as a supplemental 
implant and electrode formation mask, first and 
second shallow diffusion regions are formed having 
5 first and second siiicide electrodes disposed on 
them. An insulating layer is then deposited on the 
substrate. The insulating layer has a thickness that 
is substantially equal to that of said gate stack. The 
insulator layer is plananzed so as to expose an 

w upper surface of said gate mask and the gate mask 
is removed to define an aperture in the insulating 
iayer that exposes the polysilicon layer, N-type and 
p-type dopants are introduced to selected regions 
of the exposed polysilicon to define dual work 

15 function gates, and a low sheet resistance conduc- 
tive material is deposited on the substrate to at 
least partially fill the apertures in said insulating 
layer so as to form a gate electrode of said FET 
that is relatively co-planar with the planarized in- 

20 sulating layer. 

The invention is described in detail below with 
reference to the drawings, in which: 

Figs. 1-6 are cross-sectional views of a 
semiconductor substrate undergoing the process 

25 sequence of the invention. 

As shown In Fig. 1, layers of polysilicon 30 and 
silicon nitride 40 are formed on a substrate 1. The 
substrate 1 is aP+ type, <100> monocrystaliine 
silicon wafer having an isolation region 10 formed 

oq therein. In practice, a thin p-type epitaxial layer is 
grown on the p+ substrate, and an n-well is 
formed In selected portions of the epitaxial layer. 
The epi layer and the n-well are not shown solely 
for the sake of simplicity. The isolation region 10 

3S could be conventional semi-recessed oxide isola- 
tion (S-ROX) structures. However, it is contem- 
plated that the present invention will be utilized in 
conjunction with highly dense technologies in 
which the width of the isolation regions must be 

40 tightly controlled. Moreover, for reasons that will be 
discussed in more detail below, it is important in 
the present Invention to retain a relatively high 
degree of planarity between the upper surface of 
the substrate and the upper surface of the isolation 

45 region. Accordingly, it is preferred to utilise an 
isolation structure that, is fully buried in the sub- 
strate. An example of such a structure is shown in 
an article by Kuroxawa et a!, tt A New Bird's Beak 
Free Isolation for VLSI," lEDM Digest of Technical 

50 Papers 1981 . p. 384. 

Diffusion region 15 is then formed by simply 
implanting dopant Into the substrate after the isola- 
tion region 10 is formed. Diffusion region 15 Is 
formed by implanting or diffusing an n-type dopant. 

55 The purpose of region 15 is to control the threshold 
voltages of the FET devices to be subsequently 
formed. 

After the diffusion region 1 5 is provided* a thin 
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dielectric layer 20 is formed on the exposed sur- 
face of the substrate. Typically, dielectric layer 20 
is a 10 nm thick layer of silicon oxide, in practice, 
other structures having suitable dielectric proper- 
ties (e.g. silicon oxy nitride, silicon nitride, or a 
plurality of silicon nitride and silicon oxide iayers) 
could also be used. A 200 nm thick layer of p-type 
polycrystalline silicon 30 is then deposited on the 
dielectric layer 20 using conventional techniques, 
and a 250 nm thick layer of CVD silicon nitride 40 
is formed on the poiysilicon layer 30, also using 
conventional techniques. 

With reference to Fig, 2, a layer of photosen- 
sitive polymer (e.g., a novolak-based photoresist) is 
coated on the silicon nitride layer 40, and is ex- 
posed and developed to define a photomask 50 
having substantially verticai sidewails. The exposed 
portions of siiicon nitride layer 40 and poiysilicon 
layer 30 are then sequentially etched in a direc- 
tional mode to define a gate stack 1QG that in- 
cludes a siiicon nitride portion 40A and a poiy- 
silicon portion 30 A. In practice, the siiicon nitride 
layer can be patterned by exposure to a CF*/Oa 
plasma and the polysiiicon layer 30 can be pat* 
terned by exposure to an HCl/Cb gaseous plasma, 

At this point in the process, note that the 
siiicon nitride portion 40A defines a masking struc- 
ture above the poiysilicon gate eiectrode 30A, 

With reference to Fig. 3, after photomask 50 is 
removed, ssdewail spacers 60 are formed on the 
exposed sides of poiysilicon portion 30A, The 
sidewali spacers 60 can be formed using one or 
two methods. The first method is to simply oxidize 
the exposed surfaces of poiysilicon portion 30A. 
Note that the overlying silicon nitride masking 
structure 40A prevents the upper surface of poiy- 
silicon portion 30A from being oxidized during this 
step. The preferred method is to deposit a layer of 
oxide over the entire structure, and directionatly 
etch the deposited layer so that it is removed from 
the horizontal surfaces of the substrate. 

During this removal step, exposed portions of 
the underlying oxide layer 20 are also removed to 
define gate dielectric 2GA. 

After sidewall spacers 60 are formed, the 
source and drain regions 70, 80 are formed, and 
silicide electrodes 70A, 80A are formed thereon, 
respectively. The diffusion regions and silicide 
electrodes can be formed using one of several 
techniques. One technique is to simpiy implant the 
dopant ions to define the diffusion regions using 
the gate stack 100 as an implantation mask, de- 
posit a refractory metal such as cobalt or titanium 
over the substrate, and sinter the structure to form 
CoSi2 or TtSi2 over the junction regions. Note that 
the silicon nitride 40A and the sidewalls 60 prevent 
the refractory metal from combining with poly- 
siiicon 30A to form a gate siiicide. A first alternative 



is to first grow epitaxial silicon over the exposed 
siiicon regions in order to reduce the amount of 
silicon consumed during the silicide reaction, and 
then to carry out the above-described implant* re* 

5 fractory metal deposition and anneal steps. This 
first alternative would be employed when shallow 
junctions are desired. Another alternative is to de- 
posit the refractory metal (e.g. Cobalt), heat treat 
the substrate for an amount of time sufficient to 

io form a metal-rich silicide (by carrying out the an- 
neal at temperatures or for times that are insuffi- 
cient to form a silicon-rich silicide}, remove the 
refractory metal without removing the metal-rich 
silicide, implant ions into the metal-rich silicide, and 

75 anneal the substrate in order to drive the dopants 
out of the metal-rich silicide to define shallow 
source/drain junction regions while converting the 
metahrich siitcide into silicon-rich silicide. This lat- 
ter alternative is preferred, in that it is compatible 

20 with shallow junctions without necessitating sefec- 
tive epitaxial silicon growth. Whichever method is 
chosen, the key factor is that the process is carried 
out in the presence of a masking structure atop the 
poiysilicon gate* Thus, the silicide formation and 

25 dopant diffusion steps, which are typically carried 
out at temperatures ranging between 800* C- 
1000* C t are performed prior to complete formation 
of the gate eiectrode of the FET. 

As shown in Fig, 4, the substrate is then cov- 

30 ered with a thick conformai layer 90, preferably of 
silicon dioxide. The thickness of the deposited con- 
formai layer 90 should be slightly less than the 
gate stack thickness (Le., approximately 450 nm). 
This thickness differential is needed to account for 

35 variations in the topography across the wafer sur- 
face, For example, although the isolation region 10 
is constructed to have a surface that is relatively 
co-planar with the upper surface of substrate 1 , in 
practice the surface of isolation region 10 may 

40 extend above the surface of substrate 1 . Moreover, 
note that a portion 90A of conformai layer 90 
extends above the upper surface the gate stack 
100. The thickness differential between conformai 
Eayer'90 and gate stack 100 is particularly impor- 
ts tant in removing portion 90A by polishing as de- 
scribed below. 

As shown in Fig* 5, the surface of conformai 
layer 90 is then pianarized so as to remove portion 
90A extending above the upper surface of the gate 

so stack 100. A preferred method of planarizing the 
conformai layer 90 is to subject the wafer to a 
mechanical polishing procedure in the presence of 
an abrasive slurry. More specifically, a slurry com- 
mercially available from Cabot Corp. under the 

55 tradename "Cabot SC01" is supplied to a Stras- 
baugh wafer polishing tool having a Suba IV perfo- 
rated abrasive pad held at a pressure of 0,41 - 0,55 
mbar. It has been found that carrying out this 
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procedure for approximately four minutes is suffi- 
cient to remove portion 90 A and to planarize the 
bulk film 90. That is, after portion 90 A of layer 90 is 
removed, the polishing pad contacts the upper 
surface of the remainder of the conformai layer, it 
has been found that the frictional force experienced 
by the polishing pad greatly increases as the 
polishing pad contacts the bulk conformai layer 
surface. The force experienced by the pad can be 
monitored, such that the polishing procedure can 
be stopped at this point or continued for a discrete 
amount of time afterward. Thus, as shown in Fig, 5 f . 
the upper surface of the silicon nitride masking 
structure is approximately co-planar with, and is 
exposed by, the remaining portions of conformai 
layer 90- Another pfanarization method consists of 
coating the surface of conformai oxide layer 90 
with a layer of photoresist, and exposing the sub- 
strate to an etchant that will remove the photoresist 
and the underlaying oxide at substantially the same 
rate. Since the photoresist is a rton-conformal layer, 
its planar upper surface is simply replicated in the 
oxide layer. This method is discussed in the above- 
mentioned U.S. Patent Application S.N. 927,823. 

Then, as shown in Fig, 6, the silicon nitride 
masking structure is removed to expose the under- 
laying portion of poly silicon gate 30A. In practice, 
silicon nitride can be removed without appreciably 
attacking silicon dioxide or polysilicon by exposure 
to H3PO4 solvent at a temperature of 165 * C, 

After the silicon nitride mask is removed, a 
block mask is deposited over the n*channel de- 
vices, and the exposed polysilicon within the ex- 
posed vias is implanted with p*type impurity. Then 
a second block mask (the complement of the first 
block mask) is defined, and the exposed poly- 
silicon Is implanted with an n-type dopant. Thus, 
the dual work-function implants are carried out after 
the polysilicon has been patterned and after the 
silicon nitride mask is removed. If the implants 
were carried out before the polysilicon was pat- 
terned, the resulting n and p doped polysilicon 
regions would subsequently etch at different rates, 
if the implants were carried out after patterning, the 
high implant energy required to penetrate the sili- 
con nitride mask may result in the undesired dop- 
ing other structures. 

Finally, metal 30B is deposited and defined (as 
needed) to strap the FET gate electrode, it is 
preferred to form metal iayer SOB of selective tung- 
sten. Under conditions discussed in an article by 
Foster et at, entitled "Selective Tungsten Deposi- 
tion In a Varian/Torrex Coid Wail CVD Reactor/ 
Tungsten and Other Refractory Metals for VLSI Jl, 
(Conference Proceedings, Nov. 12-14, 1986), pp. 
147-155, tungsten can be chemically vapor depos- 
ited such that it only grows on silicon. Thus, tung- 
sten can be grown to fill the space that was pre- 



viously defined by nitride mask 40A. Such a proce- 
dure eliminates the need to etch back the depos- 
ited metal. One alternative is to first deposit a thin 
barrier layer (such as titanium/tungsten or titanium 

5 nitride) and then deposit a metal such as alu- 
minum. The barrier layer would prevent spiking of 
the aluminum to through the underlying poly silicon 
portion 3QA. Portions of the Ti/W and aluminum 
layers tying above conformai layer 90 could then 

10 be removed by conventional photoresist planariza- 
tion and etchback techniques. Thus, the process of 
the invention provides an FET device having a low 
sheet resistance gate electrode as well as silicide 
source and drain electrodes. By the method of the 

75 invention, the tungsten component of the tungsten- 
polysilicon composite gate electrode is not intro- 
duced until after the hot process steps associated 
with the source/drain dopant diffusion and silicide 
formation steps are carried out. Thus tungsten 

30 (which normally forms a silicide with silicon at a 
temperature of approximately 600 * C) wilt not inter- 
act with the underlying polysilicon to form a sili- 
cide, greatly decreasing the sheet resistance of the 
composite gate electrode. 

as Another advantage of the invention is that the 

final structure is planar as between the final gate 
electrode and the surrounding conformai oxide iay- 
er. Thus, when a passivating "oxide iayer is subse- 
quently deposited on the formed device, there is 

30 no need to reflow the passivation layer so as to 
form a planar upper surface. Conventionally, this 
reflow step is carried out at a temperature of 800- 
1000/ C. Thus, the invention further reduced the 
risk of silicide gate formation by eliminating a sub- 

3S sequent hot process step that is normally carried 
out in conventional device fabrication processes, 
while also providing an FET device that is more 
compatible with multiple levels of metal. 

Another advantage of the present invention is 

40 that the metal on top of the polysilicon does not 
allow intermixing of the dual work function poly- 
silicon dopants. Thus, the invention provides a low 
sheet resistant gate electrode that is compatible 
with 'dual work function CMOS polysilicon gate 

45 technology. 



Claims 

50 1, A process for forming a planarized, metal- 

strapped polysilicon gate FET, comprising the 
steps of: 

defining a gate stack on an exposed surface of a 
semiconductor substrate, said gate stack including 
55 a gate mask disposed on top of a patterned poly- 
silicon layer; 

defining first and second diffusion regions in said 
substrate having first and second silicide eiec- 
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trodes disposed thereon, said first and second dif- 
fusion regions being self-aligned to said gate stack 
and forming source and dram electrodes of said 
FET t said gate mask preventing siiicide formation 
over said polysilicon layer; 

depositing an insulating layer on said substrate, 
said insulating layer having a thickness substan- 
tially equal to that of said gate stack; 
planarizing said insulating layer so as to expose an 
upper surface of said gate mask; 
removing said gate mask to define an aperture in 
said insulating layer that exposes said polysilicon 
layer; and 

depositing a low sheet resistance conductive ma- 
terial on said substrate to at least partially fill said 
aperture in said insulating layer so as to form a 
gate electrode of said FET that is relatively co- 
planar with said pfanarized insulating layer. 

2. The process as recited in Claim 1, further 
comprising, prior to said step of defining a gate 
stack, the step of: 

defining isolation regions in said surface of said 
semiconductor substrate, said isolation regions 
having an upper surface that is relatively co-planar 
with said exposed surface of said semiconductor 
substrate, 

3. The process as recited in Claim 1, wheretn- 
said step of defining said gate stack comprises the 
steps ofc 

forming a thin dielectric structure on said surface of 
said substrate; 

depositing a layer of doped polysilicon on said thin 
dielectric structure; 

depositing a masking layer on said doped poly- 
silicon layer; 

patterning said masking layer to define said gate 
mask; and 

removing portions of said doped polysilicon layer 
exposed by said gate mask. 

4. The process as recited in Claim 3, wherein 
said dielectric structure is comprised of a material 
selected from the group consisting of silicon oxide, 
silicon nitride, and silicon oxynitride, 

5. The process as recited in Claim 3, wherein 
said mask material is comprised of silicon nitride. 

6. The process as recited in Claim 2 4 wherein 
said step of defining first and second diffusion 
regions and first and second siiicide electrodes 
comprises the steps of: 

implanting dopant ions into portions of said sub- 
strate exposed by said gate mask and said isola- 
tion regions; 

annealing said substrate to diffuse said implanted 
dopant ions therein; 

depositing a layer of refractory metal on said sur- 
face of said substrate; 

annealing said substrate to form siiicides in por- 
tions of said refractory metal that contact said 



semiconductor substrate; and 

removing remaining portions of said refractory met* 

al layer without appreciably attacking said siiicide 

regions. 

s 7. The process as recited in Claim 6* further 

comprising, phor to said step of implanting dopant 
ions into said substrate, the step of: 
selectively growing epitaxial silicon on portions of 
said semiconductor substrate exposed by said gate 

to stack and said isolation regions. 

8. The process as recited in Claim 6, wherein 
said refractory metal comprises titanium, 

9. The process as recited in Claim 2 t wherein 
said step of defining said first and second diffusion 

ts regions comprises the steps of: 

depositing a layer of refractory metal on said semi- 
conductor substrate; 

annealing said semiconductor substrate in order to 
form metal-rich siiicide regions rn portions of said 

20 refractory metal layer disposed on exposed por- 
tions of said semiconductor surface; 
removing remaining portions of said refractory met* 
a£ layer without appreciably attacking said metal- 
rich siiicide regions; 

25 implanting dopant ions into said metal-rich siiicide 
regions; and 

annealing said substrate so as to diffuse said dop- 
ant ions from said metal-rich siiicide regions into 
underlying portions of said semiconductor sub- 
30 strate while converting said metal-rich siiicide re- 
gions into silicon-rich siiicide regions. 

10. The process as recited in Claim 9 t further 
comprising, prior to said step of depositing said 
refractory metal, the step of: 

35 selectively growing epitaxial silicon on portions of 
said semiconductor substrate exposed by said gate 
stack and said isolation regions, 

1 1 . The process as recited in Claim 9, wherein 
said refractory metal is comprised of cobalt 

40 12. The process as recited in Claim 1, wherein 

said insulating layer is comprised of a conformal 
layer of silicon oxide, 

13. The process as recited in Claim 12 T 
wherein said step of planarizing said insulating 

45 layer comprises physically polishing said insulating 
layer in the presence of an abrasive slurry. 

14. The method as recited in Claim 12, wherein 
said step of planarizing said insulating layer com- 
prises depositing a planarizing layer on said in- 

so sulattng layer, and exposing said substrate to an 
etchant which removes said planarizing layer and 
said insulating layer at substantially the same rate. 

15. The process as recited in Claim 1, wherein 
said step of removing said gate mask comprises 

55 exposing said substrate to hhPO*. 

16. The process as recited in Claim 1 r wherein 
said conductive material is selectively grown only 
on an exposed surface of said polysilicon layer. 
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17, A process for forming a planarized, metal- 
strapped poiysiiicon gate FET, comprising the 
steps of: 

defining planarized isolation structures on a surface 
of a semiconductor substrate; 
defining a gate stack on said semiconductor sub- 
strate, said gate stack comprising a Fayer of silicon 
nitride, a layer of doped polysilicon, and a thin 
dielectric structure- 
defining first and second diffusion regions in said 
substrate having first and second silicide regions 
thereon, said first and second diffusion regions 
being seif-aKgned to said gate stack and forming 
source and drain electrodes, respectively, of said 
FET; 

depositing a conformal insulating layer on said 
substrate t said insulating layer having a thickness 
substantially equal to that of said gate stack; 
pianarizmg said insulating fayer so as to expose 
sard silicon nitride layer; 

removing said silicon nitride layer without substan- 
tially etching either of said insulating layer or said 
polysilicon layer, so as to define an aperture in said 
insulating layer; and 

selectively growing conductive materia! on said 
poiysiiicon layer to at least partially fill said ap- 
erture in said insulating layer, to form a gate elec- 
trode of said FET that is relatively co-planar with 
said planarized instating layer. 

18, The method as recited in Claim 17, wherein 
said first and second diffusion regions extend less 
than 0,5 micron into said substrate, 

19, A method of forming metal-strapped poly- 
silicon gate CMOS transistors, comprising the 
steps of 

defining well regions of a second conductivity type 
in a surface portion of a substrate of a first con- 
ductivity type; 

defining planarized isolation regions in sa*d sub- 
strate; 

defining, gate stacks on said substrate, said gate 
stack comprising a tayer of silicon nitride disposed 
on a doped polysilicon layer; 
defining first and second diffusion regions of said 
first conductivity type on either side of said gate 
stacks formed on said well regions of said sub- 
strate, and defining first and second diffusion re- 
gions of said second conductivity type on either 
side of said gate stacks formed on remaining por- 
tions of said substrate; 

forming silicide electrodes on said diffusion re- 
gions* said silicon nitride layer preventing silicide 
formation on said polysilicon layer; 
depositing an insulator layer on said substrate to 
cover said gate stack; 

planarizing said insulator layer to expose said sili- 
con nitride layer; 

removing said silicon nitride feyer to define ap- 



ertures in said insulator layer that expose said 
poiysiiicon fayer; 

impianting portions of said polysilicon layer dis- 
posed on said weli region of said substrate with a 

5 dopant of said first conductivity type; 

implanting portions of said poiysiiicon layer dis- 
posed on remaining portions of said substrate with 
a dopant of said second conductivity type; and 
depositing a conductor material that seiectively 

jo grows on said polysilicon layer to substantially fill 
said apertures in sard insulator layer. 
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